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(54) Contour correction apparatus and method 

(57) in a contour correction apparatus, a first sam- 
ple is selected from among at least five plural samples 
of an input digital video signal as an indication of an 
upper limit value. The plural samples correspond to 
neighboring pixels respectively. The first sample has a 
value greater than a center value among values of the 
plural samples. A second sample is selected from 
among at least the five plural samples as an indication 
of a lower limit value. The second sample has a value 
smaller than the center value among the values of the 
plural samples High-frequency signal components are 
generated with respect to a center sample among the 
plural samples. The high-frequency signal components 
are added to the center sample among the plural sam- 
ples to generate an addition-resultant signal. A value of 
the addition-resultant signal is limited to within a range 
between the upper limit value and the lower limit value. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention generally relates to a contour 
correction apparatus. This invention particularly relates 
to an apparatus for correcting a video signal to sharpen 
contours in a picture represented by the video signal. 
This invention also relates to a method of contour cor- 
rection. 

Description of the Related Art 

[0002] Contour correction apparatuses of various 
types have been proposed which sharpen contours or 
edges in pictures represented by video signals. Here, 
the contours or the edges in the pictures mean the 
boundaries among different-hue or different-luminance 
zones in the pictures. A typical contour correction appa- 
ratus adds overshoot and preshoot (undershoot) signal 
components to contour-corresponding or edge-corre- 
sponding segments of a video signal. 
[0003] Japanese published unexamined patent appli- 
cation 5-292522 discloses a color picture quality 
improving circuit provided with a section for sharpening 
contours in a picture represented by a video signal. 
[0004] In the color picture quality improving circuit of 
Japanese application 5-292522, an input signal "a" 
including a color-difference signal is deferred by a first 
delay circuit into a first delayed signal V. The first 
delayed signal !>" is deferred by a second delay circuit 
into a second delayed signal "c". A first maximum level 
output circuit compares the levels of the signals "a", "b", 
and "c", and selects one signal from among them which 
has the maximum level. The maximum-level signal "d" 
selected by the first maximum level output circuit is fed 
to a shoot waveform removing circuit. A first minimum 
level output circuit compares the levels of the signals 
"a", "b", and "c", and selects one signal from among 
them which has the minimum level. The minimum-level 
signal "e" selected by the first minimum level output cir- 
cuit is fed to the shoot waveform removing circuit. 
[0005] In the color picture quality improving circuit of 
Japanese application 5-292522. a first adder combines 
the input signal "a" and the second delayed signal V. 
An attenuator halves the level of the output signal of the 
first adder, generating the attenuated signal Y\ A first 
inverter acts on the first delayed signal "b". A second 
adder combines the attenuated signal T and the output 
signal of the first inverter into an addition-resultant sig- 
nal "g*. A second inverter converts the addition-result- 
ant signal "g n into a first contour corrective signal "h". A 
variable-gain amplifier converts the first contour correc- 
tive signal "h" into a second contour corrective signal. A 
third adder combines the first delayed signal and the 
second contour corrective signal (the output signal of 
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the variable-gain amplifier) into an addition-resultant 
signal Y having suitable preshoot and overshoot com- 
ponents. The third adder outputs the addition-resultant 
signal Y to the shoot waveform removing circuit 
5 [0006] In the color picture quality improving circuit of 
Japanese application 5-292522, the shoot waveform 
removing circuit includes a second maximum level out- 
put circuit and a second minimum level output circuit. 
The second maximum level output circuit compares the 
10 levels of the signals "e" and Y, and selects one signal 
from among them which has the greater level (the max- 
imum level). The greater-level signal T selected by the 
second maximum level output circuit has a waveform 
free from lower-side shoot portions (undershoot por- 
15 tions). The greater-level signal T is fed to the second 
minimum level output circuit The second minimum level 
output circuit compares the levels of the signals "d" and 
"j" and selects one signal from among them which has 
the smaller level (the minimum level). The smaller-level 
20 signal "k" selected by the second minimum level output 
circuit has a waveform free from upper-side shoot por- 
tions (overshoot portions). The smaller-level signal "k M is 
outputted as a correction-resultant signal (a correction- 
resultant color-difference signal). 
25 [0007] The color picture quality improving circuit of 
Japanese application 5-292522 is unsuited to the 
processing of a digital video signal. 

SUMMARY OF THE INVENTION 

30 

[0008] It is a first object of this invention to provide an 
improved contour correction apparatus. 
[0009] It is a second object of this invention to provide 
an improved method of contour correction. 
35 [001 0] A first aspect of this invention provides a con- 
tour correction apparatus comprising first means for 
selecting a first sample from among at least five plural 
samples of an input digital video signal as an indication 
of an upper limit value, the plural samples correspond- 
40 ing to neighboring pixels respectively, the first sample 
having a value greater than a center value among val- 
ues of the plural samples; second means for selecting a 
second sample from among at least the five plural sam- 
ples as an indication of a lower limit value, the second 
45 sample having a value smaller than the center value 
among the values of the plural samples; third means for 
generating high-frequency signal components with 
respect to a center sample among the plural samples; 
fourth means for adding the high-frequency signal corn- 
so ponents generated by the third means to the center 
sample among the plural samples to generate an addi- 
tion-resultant signal; and fifth means for limiting a value 
of the addition-resultant signal generated by the fourth 
means to within a range between the upper limit value 
55 and the lower limit value provided by the first and sec- 
ond means. 

[001 1] A second aspect of this invention is based on 
the first aspect thereof, and provides a contour correc- 
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tion apparatus wherein the value of the first sample is 
equal to a greatest value among the values of the plural 
samples, and the value of the second sample is equal to 
a smallest value among the values of the plural sam- 
ples. 

[001 2] A third aspect of this invention is based on the 
first aspect thereof, and provides a contour correction 
apparatus wherein the value of the first sample is differ- 
ent from a greatest value among the values of the plural 
samples, and the value of the second sample is different 
from a smallest value among the values of the plural 
samples. 

[001 3] A fourth aspect of this invention is based on the 
first aspect thereof, and provides a contour correction 
apparatus further comprising sixth means for adding 
high-frequency signal components to an output signal of 
the fifth means to additionally generate undershoot-cor- 
responding signal components and overshoot-corre- 
sponding signal components in the output signal of the 
fifth means. 

[001 4] A fifth aspect of this invention is based on the 
first aspect thereof, and provides a contour correction 
apparatus further comprising sixth means for increasing 
the upper limit value above its normal level and 
decreasing the lower limit value below its normal level to 
additionally generate undershoot-corresponding signal 
components and overshoot-corresponding signal com- 
ponents in an output signal of the fifth means 
[001 5] A sixth aspect of this invention is based on the 
fourth aspect thereof, and provides a contour correction 
apparatus further comprising seventh means for making 
the undershoot-corresponding signal components and 
the overshoot^orresponding signal components asym- 
metrical with each other in time-domain amplitude form. 
[001 6] A seventh aspect of this invention is based on 
the fifth aspect thereof, and provides a contour correc- 
tion apparatus further comprising seventh means for 
malting the undershoot-corresponding signal compo- 
nents and the overshoot-corresponding signal compo- 
nents asymmetrical with each other in time-domain 
amplitude form. 

[0017] An eighth aspect of this invention provides a 
method of contour correction which comprises the steps 
of selecting a first sample from among at least five plural 
samples of an input digital video signal as an indication 
of an upper limit value, the plural samples correspond- 
ing to neighboring pixels respectively, the first sample 
having a value greater than a center value among val- 
ues of the plural samples; selecting a second sample 
from among at least the five plural samples as an indi- 
cation of a lower limit value, the second sample having 
a value smaller than the center value among the values 
of the plural samples; generating high-frequency signal 
components with respect to a center sample among the 
plural samples; adding the high-frequency signal com- 
ponents to the center sample among the plural samples 
to generate an addition-resultant signal; and limiting a 
value of the addition-resultant signal to within a range 



between the upper limit value and the lower limit value. 
BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a block diagram of a contour correction 
apparatus according to a first embodiment of this 
invention. 

io Fig. 2 is a time-domain diagram of the values repre- 
sented by samples of various signals in the contour 
correction apparatus of Fig. 1 . 
Fig. 3 is a block diagram of a contour correction 
apparatus according to a second embodiment of 

is this invention. 

Fig. 4 is a time-domain diagram of a first example of 
the values represented by samples of various sig- 
nals in the contour correction apparatus of Fig. 3. 
Fig. 5 is a time-domain diagram of a second exam- 

20 pie of the values represented by samples of various 
signals in the contour correction apparatus of Fig. 
3. 

Fig. 6 is a block diagram of a contour correction 
apparatus according to a third embodiment of this 
25 invention. 

Fig. 7 is a block diagram of a contour correction 
apparatus according to a fourth embodiment of this 
invention. 

Fig. 8 is a time<lomain diagram of the values repre- 
30 sented by samples of various signals in the contour 
correction apparatus of Fig. 7. 
Fig. 9 is a block diagram of a contour correction 
apparatus according to a fifth embodiment of this 
invention. 

35 Fig. 10 is a block diagram of a contour correction 
apparatus according to a sixth embodiment of this 
invention. 

Fig. 11 is a block diagram of a contour correction 
apparatus according to a seventh embodiment of 
40 this invention. 

Fig. 12 is a time-domain diagram of the values rep- 
resented by samples of various signals in a contour 
correction apparatus according to an eighth 
embodiment of this invention. 

45 

DESCRIPTION OF TH E PREFERRED EMBODI- 
MENTS 

First Embodiment 

50 

[0019] A baseband video signal of a first general type 
is composed of three primary color signals, that is, a red 
signal, a green signal, and a blue signal. In the case of 
such a video signal, contour correction apparatuses are 
55 provided for the red signal, the green signal, and the 
blue signal, respectively. The contour correction appa- 
ratuses have structures similar to each other. 
[0020] A baseband video signal of a second general 
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type is composed of a luminance signal and two color* 
difference signals (two chrominance signals). In the 
case of such a video signal, contour correction appara- 
tuses are provided for the luminance signal and the two 
color-difference signals, respectively. The contour cor- 
rection apparatuses have structures similar to each 
other. 

[0021] Fig 1 shows a contour correction apparatus 
according to a first embodiment of this invention. The 
contour conection apparatus of Fig. 1 includes an appa- 
ratus input tec minal 1 subjected to an input digital video 
signal which is the digital version of one of a red signal, 
a green signal a blue signal, a luminance signal, and 
color -dtftetence signals. The contour correction appara- 
tus of Fig i abo ncftudes an apparatus output terminal 
13. 

[0022] The contoi* conection apparatus of Fig. 1 fur- 
ther includes O f 'taps 2. 3, 4, and 5, a maximum 
value detector cm curt 6. a minimum value detection cir- 
cuit 7, a hig*i paci f*o< 3 a multiplier 9, an adder 10, a 
maximum value detection circuit 11, and a minimum 
value detection cwcxut 12 

[0023] The D I hp Hops 2. 3. 4, and 5 serve as 1 -sam- 
ple clock delay elements, respectively. The D flip-flops 
2, 3, 4, and 5 are connected in series or cascade. The 
input terminal of the D flip-flop 2 is connected to the 
apparatus input terminal 1 . The output terminal of the D 
flip-flop 2 is connected to the input terminal of the D flip- 
flop 3. The output terminal of the D flip-flop 3 is con- 
nected to the input terminal of the D flip-flop 4. The out- 
put terminal of the D flip-flop 4 is connected to the input 
terminal of the D flip-flop 5. 

[0024] The maximum value detection circuit 6 is con- 
nected to the apparatus input terminal 1 . The maximum 
value detection circuit 6 is also connected to the output 
terminals of the D flip-flops 2, 3, 4, and 5. The maximum 
value detection circuit 6 is connected to the minimum 
value detection circuit 12. 

[0025] The minimum value detection circuit 7 is con- 
nected to the apparatus input terminal 1. The minimum 
value detection circuit 7 is also connected to the output 
terminals of the D flip-flops 2, 3, 4. and 5. The minimum 
value detection circuit 7 is connected to the maximum 
value detection circuit 1 1 . 

[0026] The high pass filter 8 is connected to the appa- 
ratus input terminal 1 . The high pass filter 8 is also con- 
nected to the output terminals of the D flip-flops 2, 3, 4, 
and 5. The high pass filter 8 is connected to a first input 
terminal of the multiplier 9. A second input terminal of 
the multiplier 9 is subjected to a control signal repre- 
senting a variable gain coefficient. 
[0027] The output terminal of the multiplier 9 is con- 
nected to a f irst input terminal of the adder 1 0. A second 
input terminal of the adder 10 is connected to the output 
terminal of the D flip-flop 3. The output terminal of the 
adder 10 is connected to the maximum value detection 
circuit 1 1 . The maximum value detection circuit 1 1 is 
connected to the minimum value detection circuit 12. 



The minimum value detection circuit 12 is connected to 
the apparatus output terminal 13. 
[0028] The D flip-flops 2, 3, 4, and 5 receive a clock 
pulse signal from a suitable device (not shown). The 

5 clock pulse signal has a given frequency and a given 
period corresponding to one signal sample. Each of the 
D flip-flops 2, 3, 4, and 5 provides a signal delay in 
response to the clock pulse signal. The provided signal 
delay corresponds to the period of the clock pulse sig- 

w nal. Thus, the provided signal delay corresponds to one 
signal sample. The input digital video signal applied to 
the apparatus input terminal 1 has a stream of digital 
signal samples temporally spaced at equal intervals 
corresponding to the period of the clock pulse signal. 

is The samples of the input digital video signal correspond 
to pixels, respectively. The input digital video signal is 
fed via the apparatus input terminal 1 to the 0 flip-flop 2, 
the maximum value detection circuit 6, the minimum 
value detection circuit 7, and the high pass filter 8. 

20 [0029] The D flip-flop 2 delays the input digital video 
signal by a time corresponding to the period between 
adjacent clock pulses, that is, the 1 -sample interval. The 
D flip-flop 2 outputs the delayed signal to the D flip-flop 
3, the maximum value detection circuit 6, the minimum 

25 value detection circuit 7, and the high pass filter 8. 
[0030] The D flip-flop 3 delays the output signal of the 
D flip-flop 2 by a time corresponding to the period 
between adjacent clock pulses, that is, the 1 -sample 
interval. The D flip-flop 3 outputs the delayed signal B1 

30 to the D flip-flop 4, the maximum value detection circuit 
6, the minimum value detection circuit 7, the high pass 
filter 8, and the adder 10. 

[0031] The D flip-flop 4 delays the output signal B1 of 
the D flip-flop 3 by a time corresponding to the period 
35 between adjacent clock pulses, that is, the 1 -sample 
interval. The D flip-flop 4 outputs the delayed signal to 
the D flip-flop 5, the maximum value detection circuit 6, 
the minimum value detection circuit 7, and the high pass 
filter 8. 

40 [0032] The D flip-flop 5 delays the output signal of the 
D flip-flop 4 by a time corresponding to the period 
between adjacent clock pulses, that is, the 1 -sample 
interval. The D flip-flop 5 outputs the delayed signal to 
the maximum value detection circuit 6, the minimum 

45 value detection circuit 7, and the high pass filter 8. 

[0033] The input digital video signal and the output 
signals of the D flip-flops 2, 3, 4, and 5 correspond to 
five successive pixels. The output signal B1 of the D flip- 
flop 3 is defined as corresponding to a pixel of interest 

so which agrees with a center pixel among the f ive succes- 
sive pixels. 

[0034] The maximum value detection circuit 6 com- 
pares the values (the levels) represented by the input 
digital video signal and the output signals of the D flip- 
55 flops 2, 3, 4, and 5, and detects and selects one signal 
from among them which has the maximum value. In 
other words, the maximum value detection circuit 6 
detects a pixel having the maximum level among the 
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five successive pixels. The maximum value, that is, the 
value of the signal selected by the maximum value 
detection circuit 6 will be used as an upper limit value by 
the minimum value detection circuit 1 2. The maximum- 
value signal B3 selected by the maximum value detec- 5 
tion circuit 6 is fed to the minimum value detection circuit 
12. 

[0035] The minimum value detection circuit 7 com- 
pares the values (the levels) represented by the input 
digital video signal and the output signals of the D flip- 10 
flops 2, 3, 4, and 5, and detects and selects one signal 
from among them which has the minimum value. In 
other words, the minimum value detection circuit 7 
detects a pixel having the minimum level among the five 
successive pixels. The minimum value, that is, the value 
of the signal selected by the minimum value detection 
circuit 7 will be used as a lower limit value by the maxi- 
mum value detection circuit 1 1 . The minimum-value sig- 
nal 64 selected by the minimum value detection circuit 
7 is fed to the maximum value detection circuit 1 1 . 
[0036] The high pass filter 8 processes the input dig- 
ital video signal and the output signals of the D flip-flops 
2, 3, 4, and 5 into a signal corresponding to high-fre- 
quency components of the output signal B1 of the D flip- 
flop 3. For example, the high pass filter 8 includes a 5- 
tap fater having tap gains of -1/4, -1, 5/2, -1, and -1/4 
which are assigned to the input digital video signal and 
the output signals of the D flip-flops 2, 3, 4, and 5 
respectively. The high pass filter 8 outputs the high-fre- 
quency-corresponding signal to the multiplier 9. 
[0037] The device 9 multiplies the value of the output 
signal of the high pass filter 8 by the gain coefficient rep- 
resented by the control signal. Thus, the multiplier 9 
converts the output signal of the high pass filter 8 into a 
multiplication-resuftant signal B2. The multiplier 9 out- 
puts the multiplication-resultant signal B2 to the adder 
10. The adder 10 combines the output signal B1 of the 
D flip-flop 3 and the output signal B2 of the multiplier 9 
into an addition-resultant signal B5. The operation of the 
adder 10 agrees with a process of adding the high-fre- 
quency components to the output signal B1 of the D flip- 
flop 3 to sharpen contours or edges in a picture repre- 
sented by the input digital video signal. Here, the con- 
tours and the edges in the picture mean the boundaries 
among different-hue or different-luminance zones in the 
picture. The adder 10 outputs the addition-resultant sig- 
nal B5 to the maximum value detection circuit 1 1 . 
[0038] The maximum value detection circuit 1 1 com- 
pares the values (the levels) represented by the output 
signals B4 and B5 of the minimum value detection cir- 
cuit 7 and the adder 10, and detects and selects one 
signal from among them which has the greater value 
(the maximum value). The greater-value signal B6 
selected by the maximum value detection circuit 1 1 is 
fed to the minimum value detection circuit 12. The 
greater-value signal B6 represents a waveform from 
which undershoot portions are removed. 
[0039] The minimum value detection circuit 12 com- 



pares the values (the levels) represented by the output 
signals B3 and B6 of the maximum value detection cir- 
cuits 6 and 1 1 , and detects and selects one signal from 
among them which has the smaller value (the minimum 
value). The smaller-value signal B7 selected by the min- 
imum value detection circuit 12 is applied to the appara- 
tus output terminal 13. The smaller-value signal B7 
represents a waveform from which overshoot portions 
are removed. The smaller-value signal B7 is fed via the 
apparatus output terminal 13 to an external device (not 
shown) as a correction-resultant video signal. 
[0040] Variations in the values represented by the sig- 
nals B1, B2. B3, B4, B5, B6, and B7 will be explained 
with reference to Fig. 2. It is assumed that the value rep- 
resented by a sample of the output signal B1 of the D 
flip-flop 3 increases at a constant rate during a 3-sample 
time interval as shown in Fig. 2. The increase in the 
value of the signal B1 corresponds to a contour or an 
edge in a picture. The value represented by the output 
signal B2 of the multiplier 9 varies along a time<iomain 
form corresponding to a differential of the time<Jomain 
form of the value represented by the signal B1 . 
[0041 ] The value represented by the output signal B3 
of the maximum value detection circuit 6 increases at a 
constant rate equal to the rate of the increase in the 
value of the signal B1. The value represented by the 
output signal B4 of the minimum value detection circuit 
7 increases at a constant rate equal to the rate of the 
increase in the value of the signal B1 . 
[0042] The value represented by the output signal B5 
of the adder 10 varies along a time-domain form corre- 
sponding to the combination of the time-domain form of 
the value represented by the signal B1 and the time- 
domain form of the value represented by the signal B2. 
The time-domain form of the value of the signal B5 has 
an undershoot portion and an overshoot portion imme- 
diately preceding and following an increasing portion 
respectively. 

[0043] The value represented by the output signal B6 
of the maximum value detection circuit 1 1 varies along 
a time-domain form which is similar to the time-domain 
waveform of the value of the signal B5 except that the 
undershoot portion is absent The time-domain form of 
the value of the signal B6 has the overshoot portion 
immediately following the increasing portion. 
[0044] The value represented by the output signal B7 
of the minimum value detection circuit 12 varies along a 
time-domain form which is similar to the time-domain 
waveform of the value of the signal B6 except that the 
overshoot portion is absent. The value of the signal B7 
increases at a rate higher than the rate of the increase 
in the value of the signal B1 . The rate of the increase in 
the value of the signal B7 depends on the gain coeffi- 
cient represented by the control signal fed to the multi- 
plier 9. Specifically, the rate of the increase in the value 
of the signal B7 rises as the gain coefficient increases. 
When the gain coefficient is equal to w 2", the rate of the 
increase in the value of the signal B7 is approximately 
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equal to twice the rate of the increase in the value of the 
signal B1. 

[0045] As understood from the above explanation, the 
maximum value detection circuit 1 1 and the minimum 
value detection circuit 12 serve as a device for limiting 
the value of the signal B5 to within the range between 
the maximum value (the upper limit value) and the min- 
imum value (the lower limit value). As made clear from 
the comparison between the signals B1 and B7, the 
contour correction apparatus of Fig. 1 sharpens every 
contour in a picture represented by the input digital 
video signal to a degree depending on the gain coeffi- 
cient represented by the control signal fed to the multi- 
plier 9. The degree of the sharpening can be adjusted 
by changing the gain coefficient. 
[0046] The contour correction apparatus of Fig. 1 may 
be modified into a structure which operates on six or 
more successive pixels. In this case, six or more 1 -sam- 
ple delay elements are provided, and the maximum 
value detection circuit 6, the minimum value detection 
circuit 7, and the high pass filter 8 are modified to oper- 
ate on the six or more successive pixels. 

Second Embodiment 

[0047] Fig. 3 shows a contour correction apparatus 
according to a second embodiment of this invention. 
The contour correction apparatus of Fig. 3 includes an 
apparatus input terminal 21 subjected to an input digital 
video signal which is the digital version of one of a red 
signal, a green signal, a blue signal, a luminance signal, 
and color-difference signals. The contour correction 
apparatus of Fig. 3 also includes an apparatus output 
terminal 33. 

[0048] The contour correction apparatus of Fig. 3 fur- 
ther includes D flip-flops 22, 23, 24, and 25, an upper 
limit detection circuit 26, a lower limit detection circuit 
27, a high pass filter 28, a multiplier 29, an adder 30, a 
maximum value detection circuit 31, and a minimum 
value detection circuit 32. 

[0049] The D flip-flops 22, 23, 24, and 25 serve as 1 - 
sample delay elements, respectively. The D flip-flops 
22, 23, 24, and 25 are connected in series or cascade. 
The input terminal of the D flip-flop 22 is connected to 
the apparatus input terminal 21 . The output terminal of 
the D flip-flop 22 is connected to the input terminal of 
the D flip-flop 23. The output terminal of the D flip-flop 
23 is connected to the input terminal of the D flip-flop 
24. The output terminal of the D flip-flop 24 is connected 
to the input terminal of the D fEp-flop 25. 
[0050] The upper limit detection circuit 26 is con- 
nected to the apparatus input terminal 21. The upper 
limit detection circuit 26 is also connected to the output 
terminals of the D flip-flops 22. 23, 24, and 25. The 
upper limit detection circuit 26 is connected to the mini- 
mum value detection circuit 32. 
[0051 ] The lower limit detection circuit 27 is connected 
to the apparatus input terminal 21. The lower limit 



detection circuit 27 is also connected to the output ter- 
minals of the D flip-flops 22, 23, 24, and 25. The lower 
limit detection circuit 27 is connected to the maximum 
value detection circuit 31 . 
s [0052] The high pass filter 28 is connected to the 
apparatus input terminal 21. The high pass filter 28 is 
also connected to the output terminals of the D flip-flops 

22, 23, 24, and 25. The high pass filter 28 is connected 
to a first input terminal of the multiplier 29. A second 

10 input terminal of the multiplier 29 is subjected to a con- 
trol signal representing a variable gain coefficient. 
[0053] The output terminal of the multiplier 29 is con- 
nected to a first input terminal of the adder 30. A second 
input terminal of the adder 30 is connected to the output 

is terminal of the D flip-flop 23. The output terminal of the 
adder 30 is connected to the maximum value detection 
circuit 31. The maximum value detection circuit 31 is 
connected to the minimum value detection circuit 32. 
The minimum value detection circuit 32 is connected to 

so the apparatus output terminal 33. 

[0054] The D flip-flops 22, 23, 24, and 25 receive a 
clock pulse signal from a suitable device (not shown). 
The clock pulse signal has a given frequency and a 
given period corresponding to one signal sample. Each 

25 of the D flip-flops 22, 23, 24, and 25 provides a signal 
delay in response to the clock pulse signal. The pro- 
vided signal delay corresponds to the period of the clock 
pulse signal. Thus, the provided signal delay corre- 
sponds to one signal sample. The input digital video sig- 

30 nal applied to the apparatus input terminal 21 has a 
stream of digital signal samples temporally spaced at 
equal intervals corresponding to the period of the clock 
pulse signal. The samples of the input digital video sig- 
nal correspond to pixels, respectively. The input digital 

35 video signal is fed via the apparatus input terminal 21 to 
the D flip-flop 22, the upper limit detection circuit 26, the 
lower limit detection circuit 27, and the high pass filter 
28. 

[0055] The D flip-flop 22 delays the input digital video 
40 signal by a time corresponding to the period between 
adjacent clock pulses, that is, the 1 -sample interval. The 
D flip-flop 22 outputs the delayed signal to the D flip-flop 

23, the upper limit detection circuit 26, the lower limit 
detection circuit 27, and the high pass filter 28. 

45 [0056] The D flip-flop 23 delays the output signal of 
the D flip-flop 22 by a time corresponding to the period 
between adjacent clock pulses, that is, the 1 -sample 
interval. The D flip-flop 23 outputs the delayed signal 
B1 1 to the D flip-flop 24, the upper limit detection circuit 

so 26, the lower limit detection circuit 27, the high pass fil- 
ter 28, and the adder 30. 

[0057] The D flip-flop 24 delays the output signal B1 1 
of the D flip-flop 23 by a time corresponcfing to the 
period between adjacent clock pulses, that is, the 1- 
55 sample interval. The D flip-flop 24 outputs the delayed 
signal to the D f lip-flop 25. the upper limit detection cir- 
cuit 26, the lower limit detection circuit 27, and the high 
pass filter 28. 



6 



<EP 0901 103A2_I_> 



11 



EP0 901 103 A2 



12 



[0058] The D flip-flop 25 delays the output signal of 
the D flip-flop 24 by a time corresponding to the period 
between adjacent dock pulses, that is, the 1 -sample 
interval. The D flip-flop 25 outputs the delayed signal to 
the upper limit detection circuit 26, the lower limit detec- 
tion circuit 27, and the high pass filter 28. 
[0059] The input digital video signal and the output 
signals of the D flip-flops 22, 23, 24, and 25 correspond 
to five successive pixels. The output signal B1 1 of the D 
flip-flop 23 is defined as corresponding to a pixel of 
interest which agrees with a center pixel among the five 
successive pixels. 

[0060] The upper limit detection circuit 26 compares 
the values (the levels) represented by the input digital 
video signal and the output signals of the D flip-flops 22, 
23, 24, and 25, and detects and selects one signal from 
among them which has the second greatest value. In 
other words, the upper limit detection circuit 26 detects 
a pixel having the second greatest level among the five 
successive pixels. The second greatest value, that is, 
the value of the signal selected by the upper limit detec- 
tion circuit 26 will be used as an upper limit value by the 
minimum value detection circuit 32. The upper-limit sig- 
nal B1 3 selected by the upper limit detection circuit 26 is 
fed to the minimum value detection circuit 32. 
[0061] The lower limit detection circuit 27 compares 
the values (the levels) represented by the input digital 
video signal and the output signals of the D flip-flops 22, 
23, 24, and 25, and detects and selects one signal from 
among them which has the second smallest value. In 
other words, the lower limit detection circuit 27 detects a 
pixel having the second smallest level among the five 
successive pixels. The second smallest value, that is, 
the value of the signal selected by the lower limit detec- 
tion circuit 27 will be used as a lower limit value by the 
maximum value detection circuit 31 . The lower-limit sig- 
nal B1 4 selected by the lower limit detection circuit 27 is 
fed to the maximum value detection circuit 31 . 
[0062] The high pass filter 28 processes the input dig- 
ital video signal and the output signals of the D flip-flops 
22, 23, 24, and 25 into a signal corresponding to high- 
frequency components of the output signal B1 1 of the D 
flip-flop 23. For example, the high pass filter 28 includes 
a 5-tap filter having tap gains of -1/4, -1 , 5/2, -1 , and -1/4 
which are assigned to the input digital video signal and 
the output signals of the D flip-flops 22, 23, 24, and 25 
respectively. The high pass filter 28 outputs the high-fre- 
quency-corresponding signal to the multiplier 29, 
[0063] The device 29 multiplies the value of the output 
signal of the high pass filter 28 by the gain coefficient 
represented by the control signal. Thus, the multiplier 
29 converts the output signal of the high pass filter 28 
into a multiplication-resultant signal B12. The multiplier 
29 outputs the multiplication-resultant signal B12 to the 
adder 30. The adder 30 combines the output signal B1 1 
of the D flip-flop 23 and the output signal B1 2 of the mul- 
tiplier 29 into an addition-resultant signal B15. The oper- 
ation of the adder 30 agrees with a process of adding 



the high-frequency components to the output signal B1 1 
of the D flip-flop 23 to sharpen contours or edges in a 
picture represented by the input digital video signal. 
Here, the contours and the edges in the picture mean 
5 the boundaries among cfifferent-hue or different-lumi- 
nance zones in the picture. The adder 30 outputs the 
addition-resultant signal B15 to the maximum value 
detection circuit 31. 

[0064] The maximum value detection circuit 31 com- 
io pares the values (the levels) represented by the output 
signals B14 and B15 of the lower limit detection circuit 
27 and the adder 30, and detects and selects one signal 
from among them which has the greater value (the max- 
imum value). The greater-value signal B16 selected by 
is the maximum value detection circuit 31 is fed to the min- 
imum value detection circuit 32. The greater-value sig- 
nal B16 represents a waveform from which undershoot 
portions are removed. 

[0065] The minimum value detection circuit 32 com- 
20 pares the values (the levels) represented by the output 
signals B13 and B16 of the upper limit detection circuit 
26 and the maximum value detection circuit 31, and 
detects and selects one signal from among them which 
has the smaller value (the minimum value). The smaller- 
25 value signal B1 7 selected by the minimum value detec- 
tion circuit 32 is applied to the apparatus output terminal 
33. The smaller-value signal B17 represents a wave- 
form from which overshoot portions are removed. The 
smaller-value signal B1 7 is fed via the apparatus output 
30 terminal 33 to an external device (not shown) as a cor- 
rection-resultant video signal. 

[0066] Variations in the values represented by the sig- 
nals B11, B12, B13, B14, B15, B16. and B17 will be 
explained with reference to Fig. 4. It is assumed that the 

35 value represented by a sample of the output signal B1 1 
of the D flip-flop 23 increases at a constant rate during 
a 3-sample time interval as shown in Fig. 4. The 
increase in the value of the signal B1 1 corresponds to a 
contour or an edge in a picture. The value represented 

40 by the output signal B12 of the multiplier 29 varies along 
a time-domain form corresponding to a differential of the 
time-domain form of the value represented by the signal 
B11. 

[0067] The value represented by the output signal B1 3 
45 of the upper limit detection circuit 26 increases at a con- 
stant rate equal to the rate of the increase in the value 
of the signal B1 1 . The value represented by the output 
signal B14 of the lower limit detection circuit 27 
increases at a constant rate equal to the rate of the 
so increase in the value of the signal B1 1 . 

[0068] The value represented by the output signal B1 5 
of the adder 30 varies along a time-domain form corre- 
sponding to the combination of the time-domain form of 
the value represented by the signal B1 1 and the time- 
55 domain form of the value represented by the signal B1 2. 
The time-domain form of the value of the signal B1 5 has 
an undershoot portion and an overshoot portion imme- 
diately preceding and following an increasing portion 
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respectively. 

[0069] The val ue represented by the output signal B 1 6 
of the maximum value detection circuit 31 varies along 
a time-domain form which is similar to the time-domain 
waveform of the value of the signal B15 except that the 
undershoot portion is absent. The time-domain form of 
the value of the signal B16 has the overshoot portion 
immediately following the increasing portion. 
[0070] The value represented by the output signal B1 7 
of the minimum value detection circuit 32 varies along a 
time-domain form which is similar to the time-domain 
waveform of the value of the signal B16 except that the 
overshoot portion is absent. The value of the signal Bl 7 
increases at a rate higher than the rate of the increase 
in the value of the signal B11. The higher increasing 
rate means sharpening the contour or the edge in the 
picture. The rate of the increase in the value of the sig- 
nal Bl 7 depends on the gain coefficient represented by 
the control signal fed to the multiplier 29. Specifically, 
the rate of the increase in the value of the signal B17 
rises as the gain coefficient increases. When the gain 
coefficient is equal to "2", the rate of the increase in the 
value of the signal B17 is approximately equal to twice 
the rate of the increase in the value of the signal B1 1 . 
[0071 ] As understood from the above explanation, the 
maximum value detection circuit 31 and the minimum 
value detection circuit 32 serve as a device for limiting 
the value of the signal B15 to within the range between 
the maximum value (the upper limit value) and the min- 
imum value (the lower limit value). As made clear from 
the comparison between the time-domain forms of the 
signals B11 and B17 in Fig. 4, the contour correction 
apparatus of Fig. 3 sharpens every contour in a picture 
represented by the input digital video signal to a degree 
depending on the gain coefficient given by the control 
signal fed to the multiplier 9. The degree of the sharpen- 
ing can be adjusted by changing the gain coefficient. 
[0072] The contour correction apparatus of Fig. 3 may 
be modified into a structure which operates on six or 
more successive pixels. In this case, six or more 1 -sam- 
ple delay elements are provided, and the upper limit 
detection circuit 26, the lower limit detection circuit 27, 
and the high pass filter 28 are modified to operate on 
the six or more successive pixels. 
[0073] Variations in the values represented by the sig- 
nals B11, B12.B13, B14, B15, B16. and B17will be fur- 
ther explained with reference to Fig. 5. It is assumed 
that the value represented by a sample of the output 
signal B1 1 of the D flip-flop 23 increases at a constant 
rate during a 3-sample time interval, and that the value 
slightly dips due to noise N1 before the start of the 
increase and the value slightly peaks due to noise N2 
after the end of the increase as shown in Fig. 5. The 
increase in the value of the signal B1 1 corresponds to a 
contour or an edge in a picture. The value represented 
by the output signal B1 2 of the multiplier 29 varies along 
a time-domain form corresponding to a differential of the 
time-domain form of the value represented by the signal 



B1 1 . The time-domain form of the value of the signal 
B12 has noise components. 

[0074] The value represented by the output signal B1 3 
of the upper limit detection circuit 26 increases at a con- 

5 slant rate equal to the rate of the increase in the value 
of the signal B1 1. The value represented by the output 
signal B14 of the lower limit detection circuit 27 
increases at a constant rate equal to the rate of the 
increase in the value of the signal B1 1 . As shown in Fig. 

io 5, the output signals B13 and B14 of the upper limit 
detection circuit 26 and the lower limit detection circuit 
27 are free from components related to the noise N1 
and the noise N2. 

[0075] The value represented by the output signal B 1 5 

is of the adder 30 varies along a time-domain form corre- 
sponding to the combination of the time-domain form of 
the value represented by the signal B1 1 and the time- 
domain form of the value represented by the signal B1 2. 
The time<lomain form of the value of the signal B1 5 has 

20 an undershoot portion and an overshoot portion imme- 
diately preceding and following an increasing portion 
respectively. In addition, the time-domain form of the 
value of the signal B15 has noise components. 
[0076] The value represented by the output signal B1 6 

25 of the maximum value detection circuit 31 varies along 
a time-domain form which is similar to the time-domain 
waveform of the value of the signal B15 except that the 
undershoot portion is absent The time-domain form of 
the value of the signal B16 has the overshoot portion 

30 immediately following the increasing portion. In addi- 
tion, the time-domain form of the value of the signal B16 
has noise components. 

[0077] The value represented by the output signal B1 7 
of the minimum value detection circuit 32 varies along a 
35 time-domain form which is similar to the time-domain 
waveform of the value of the signal B16 except that the 
overshoot portion is absent and the noise components 
are absent. The value of the signal B17 increases at a 
rate higher than the rate of the increase in the value of 
40 the signal B11. The higher increasing rate means 
sharpening the contour or the edge in the picture. The 
rate of the increase in the value of the signal B17 
depends on the gain coefficient represented by the con- 
trol signal fed to the multiplier 29. Specifically, the rate of 
45 the increase in the value of the signal B17 rises as the 
gain coefficient increases. When the gain coefficient is 
equal to "2", the rate of the increase in the value of the 
signal B17 is approximately equal to twice the rate of 
the increase in the value of the signal B1 1 . 
so [0078] As understood from the above explanation, the 
contour correction apparatus of Fig. 3 removes noise 
components from the input digital video signal. 

Third Embodiment 

55 

[0079] Fig. 6 shows a contour correction apparatus 
according to a third embodiment of this invention. The 
contour correction apparatus of Fig. 6 includes an appa- 
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ratus input terminal 50 subjected to an input digital 
video signal which is the digital version of one of a red 
signal, a green signal, a blue signal, a luminance signal, 
and color-difference signals. The contour correction 
apparatus of Fig. 6 also includes an apparatus output 5 
terminal 82. 

[0080] The contour correction apparatus of Fig. 3 fur- 
ther includes delay elements 51 -54, D flip-flops 55-74, 
an upper limit detection circuit 75, a lower limit detection 
circuit 76, a two-dimensional high pass filter 77, a multi- 10 
plier 78, an adder 79, a maximum value detection circuit 
80, and a minimum value detection circuit 81 . 
[0081] Each of the delay elements 51 -54 provides a 
signal delay corresponding to one horizontal scanning 
interval (a 1-H interval). The delay elements 51-54 are 
connected in series or cascade. The input terminal of 
the delay element 51 is connected to the apparatus 
input terminal 50. The output terminal of the delay ele- 
ment 51 is connected to the input terminal of the delay 
element 52. The output terminal of the delay element 52 
is connected to the input terminal of the delay element 
53. The output terminal of the delay element 53 is con- 
nected to the input terminal of the delay element 54. 
[0082] The D flip-flops 55-58 serve as 1 -sample delay 
elements, respectively. The D flip-flops 55-58 are con- 
nected in series or cascade. The input terminal of the D 
flip-f bp 55 is connected to the apparatus input terminal 
50. The output terminal of the D flip-flop 55 is connected 
to the input.terminal of the D flip-flop 56. The output ter- 
minat of the D flip-flop 56 is connected to the input ter- 
minal of the D flip-flop 57. The output terminal of the D 
flip-flop 57 is connected to the input terminal of the D 
flip-flop 58. 

[0083] The D f lip-flops 59-62 serve as 1 -sample delay 
elements, respectively. The D flip-flops 59-62 are con- 
nected in series or cascade. The input terminal of the D 
flip-flop 59 is connected to the output terminal of the 
delay element 51. The output terminal of the D flip-flop 
59 is connected to the input terminal of the D flip-flop 
60. The output terminal of the D flip-flop 60 is connected 
to the input terminal of the D flip-flop 61 . The output ter- 
minal of the D flip-flop 61 is connected to the input ter- 
minal of the D flip-flop 62. 

[0084] The D flip-flops 63-66 serve as 1 -sample delay 
elements, respectively. The D flip-flops 63-66 are con- 
nected in series or cascade. The input terminal of the D 
flip-flop 63 is connected to the output terminal of the 
delay element 52. The output terminal of the D flip-flop 
63 is connected to the input terminal of the D flip-flop 
64. The output terminal of the D flip-flop 64 is connected 
to the input terminal of the D flip-flop 65. The output ter- 
minal of the D flip-flop 65 is connected to the input ter- 
minal of the D flip-flop 66. 

[0085] The D flip-flops 67-70 serve as 1 -sample delay 
elements, respectively. The D flip-flops 67-70 are con- 
nected in series or cascade. The input terminal of the D 
flip-flop 67 is connected to the output terminal of the 
delay element 53. The output terminal of the D flip-flop 



67 is connected to the input terminal of the D flip-flop 
68. The output terminal of the D flip-flop 68 is connected 
to the input terminal of the D flip-flop 69. The output ter- 
minal of the D flip-flop 69 is connected to the input ter- 
minal of the D flip-flop 70. 

[0086] The D flip-flops 71 -74 serve as 1 -sample delay 
elements, respectively. The D ffip-flops 71-74 are con- 
nected in series or cascade. The input terminal of the D 
flip-flop 71 is connected to the output terminal of the 
delay element 54. The output terminal of the D flip-flop 
71 is connected to the input terminal of the D flip-flop 
72. The output terminal of the D flip-flop 72 is connected 
to the input terminal of the D flip-flop 73. The output ter- 
minal of the D flip-flop 73 is connected to the input ter- 
minal of the D flip-flop 74. 

[0087] The upper limit detection circuit 75 is con- 
nected to the apparatus input terminal 50. The upper 
limit detection circuit 75 is also connected to the output 
terminals of the delay elements 51-54 and the D flip- 
flops 55-74. The upper limit detect on circuit 75 is con- 
nected to the minimum value detection circuit 81 . 
[0088] The lower limit detection circuit 76 is connected 
to the apparatus input terminal 50. The lower limit 
detection circuit 76 is also connected to the output ter- 
minals of the delay elements 51-54 and the D flip-flops 
55-74. The lower limit detection circuit 76 is connected 
to the maximum value detection circuit 80. 
[0089] The two-dimensional high pass filter 77 is con- 
nected to the apparatus input terminal 50. The two- 
dimensional high pass fitter 77 is also connected to the 
output terminals of the delay elements 51 -54 and the D 
flip-flops 55-74. The two-dimensional high pass filter 77 
is connected to a first input terminal of the multiplier 78. 
A second input terminal of the multiplier 78 is subjected 
to a control signal representing a variable gain coeffi- 
cient. 

[0090] The output terminal of the multiplier 78 is con- 
nected to a first input terminal of the adder 79. A second 
input terminal of the adder 79 is connected to the output 
terminal of the D flip-flop 64. The output terminal of the 
adder 79 is connected to the maximum value detection 
circuit 80. The maximum value detection circuit 80 is 
connected to the minimum value detection circuit 81 . 
The minimum value detection circuit 81 is connected to 
the apparatus output terminal 82. 
[0091 ] The D flip-flops 55-74 receive a clock pulse sig- 
nal from a suitable device (not shown). The clock pulse 
signal has a given frequency and a given period corre- 
sponding to one signal sample. Each of the D flip-flops 
55-74 provides a signal delay in response to the clock 
pulse signal. The provided signal delay corresponds to 
the period of the clock pulse signal. Thus, the provided 
signal delay corresponds to one signal sample. 
[0092] The input digital video signal applied to the 
apparatus input terminal 50 has a stream of digital sig- 
nal samples temporally spaced at equal intervals corre- 
sponding to the period of the clock pulse signal. The 
samples of the input digital video signal correspond to 
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pixels respectively. The input digital video signal is fed 
via the apparatus input terminal 50 to the delay element 
51 , the D flip-flop 55, the upper limit detection circuit 75, 
the lower limit detection circuit 76, and the two-dimen- 
sional high pass f flter 77. 

[0093] The input digital video signal passes through 
the delay elements 51-54 while being deferred thereby. 
As previously indicated, each of the delay elements 51- 
54 provides a signal delay corresponding to one hori- 
zontal scanning interval (a 1-H interval). The input dig- 
ital video signal passes through the D flip-flops 55-58 
while being deferred thereby. Each of the D flip-flops 55- 
58 provides a signal delay corresponding to the period 
of the clock pulse signal, that is, the 1 -sample interval. 
[0094] The output signal of the delay element 51 
passes through the D flip-flops 59-62 while being 
deferred thereby. Each of the D flip-flops 59-62 provides 
a signal delay corresponding to the period of the clock 
pulse signal, that is, the 1 -sample interval. The output 
signal of the delay element 52 passes through the D flip- 
flops 63-66 while being deferred thereby. Each of the D 
flip-flops 63-66 provides a signal delay corresponding to 
the period of the clock pulse signal, that is, the 1 -sample 
interval. The output signal of the delay element 53 
passes through the D flip-flops 67-70 while being 
deferred thereby. Each of the D flip-flops 67-70 provides 
a signal delay corresponding to the period of the clock 
pulse signal, that is, the 1 -sample interval. The output 
signal of the delay element 54 passes through the D flip- 
flops 71 -74 while being deferred thereby. Each of the D 
flip-flops 71-74 provides a signal delay corresponding to 
the period of the clock pulse signal, that is, the 1 -sample 
interval. 

[0095] The input digital video signal and the output 
signals of the delay elements 51-54 and the D flip-flops 
55-74 correspond to 5 by 5 neighboring pixels (5 suc- 
cessive pixels in the horizontal direction by 5 neighbor- 
ing pixels in the vertical direction). The output signal 
B21 of the D flip-flop 64 is defined as corresponding to 
a pixel of interest which agrees with a center pixel 
among the 5 by 5 neighboring pixels. 
[0096] The upper limit detection circuit 75 receives the 
input digital video signal and also the output signals of 
the delay elements 51-54 and the D flip-flops 55-74 (the 
twenty-five signals). The upper limit detection circuit 75 
compares the values (the levels) represented by the 
twenty-five signals, and serially numbers the twenty-five 
signals in the order of their value magnitude. The upper 
limit detection circuit 75 selects one signal from among 
the twenty-five signals which has a predetermined serial 
number chosen so that the value of the selected signal 
will be smaller than the greatest value and greater than 
the central value. For example, the value of the selected 
signal is equal to the fourth greatest value. It should be 
noted that the value of the selected signal may be equal 
to the second greatest value, the third greatest value, or 
the fifth greatest value. The value of the signal selected 
by the upper limit detection circuit 75 will be used as an 
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upper limit value by the minimum value detection circuit 
81. The upper-limit signal B23 selected by the upper 
limit detection circuit 75 is fed to the minimum value 
detection circuit 81. 

5 [0097] The upper limit detection circuit 75 may divide 
the twenty-five signals into a first group corresponding 
to small values, a second group corresponding to inter- 
mediate values, and a third group corresponding to 
large values. In this case, the upper limit detection ctr- 

10 cuit 75 selects one signal from the third group which has 
the value smaller than the greatest value. 
[0098] The lower limit detection circuit 76 receives the 
input digital video signal and also the output signals of 
the delay elements 51-54 and the D flip-flops 55-74 (the 

rs twenty-five signals). The lower limit detection circuit 76 
compares the values (the levels) represented by the 
twenty-five signals, and serially numbers the twenty-five 
signals in the order of their value magnitude. The lower 
limit detection circuit 76 selects one signal from among 

20 the twenty-five signals which has a predetermined serial 
number chosen so that the value of the selected signal 
will be greater than the smallest value and smaller than 
the central value. For example, the value of the selected 
signal is equal to the fourth smallest value. It should be 

25 noted that the value of the selected signal may be equal 
to the second smallest value, the third smallest value, or 
the fifth smallest value. The value of the signal selected 
by the lower limit detection circuit 76 will be used as a 
lower limit value by the maximum value detection circuit 

30 80. The lower-limit signal B24 selected by the lower limit . 
detection circuit 76 is fed to the maximum value detec- 
tion circuit 80. 

[0099] The lower limit detection circuit 76 may divide 
the twenty-five signals into a first group corresponding 

35 to smalt values, a second group corresponding to inter- 
mediate values, and a third group corresponding to 
large values. In this case, the lower limit detection circuit 
76 selects one signal from the first group which has the 
value greater than the smallest value. 

40 [0100] The two-dimensional high pass filter 77 
receives the input digital video signal and also the out- 
put signals of the delay elements 51 -54 and the D flip- 
flops 55-74 (the twenty-five signals). The two<Jimen- 
sional high pass filter 77 processes the twenty-five sig- 

45 nals into a signal corresponding to high-frequency 
components of the output signal B21 of the D flip-flop 
64. For example, the two-dimensional high pass filter 77 
includes a 25-tap filter having tap gains given and 
arranged as follows. 
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The tap gains are assigned to the twenty-five signals 5 
respectively. The arrangement of the tap gains is sym- 
metrical with respect to the center. The two-dimensional 
high pass filter 77 outputs the high-frequency-corre- 
sponding signal to the multiplier 78. 
[01 01 ] The device 78 multiplies the value of the output 1 0 
signal of the two-dimensional high pass filter 77 by the 
gain coefficient represented by the control signal. Thus, 
the multiplier 78 converts the output signal of the two- 
dimensional- high pass filter 77 into a multiplication- 
resultant signal B22. The multiplier 78 outputs the multi- 15 
plication-resultant signal B22 to the adder 79. The 
adder 79 combines the output signal B21 of the D flip- 
flop 64 and the output signal B22 of the multiplier 78 into 
an addition-resultant signal B25. The operation of the 
adder 79 agrees with a process of adding the high-fre- 20 
quency components to the output signal B21 of the D 
flip-flop 64 to sharpen contours or edges in a picture 
represented by the input digital video signal. Here, the 
contours and the edges in the picture mean the bound- 
aries among different-hue or different-luminance zones 25 
in the picture. The adder 79 outputs the addition-result- 
ant signal B25 to the maximum value detection circuit 
80. 

[0102] The maximum value detection circuit 80 com- 
pares the values (the levels) represented by the output 30 
signals B24 and B25 of the lower limit detection circuit 
76 and the adder 79, and detects and selects one signal 
from among them which has the greater value (the max- 
imum value). The greater-value signal B26 selected by 
the maximum value detection circuit 80 is fed to the min- 35 
imum value detection circuit 81. The greater-value sig- 
nal B16 represents a waveform from which undershoot 
portions are removed. 

[0103] The minimum value detection circuit 81 com- 
pares the values (the levels) represented by the output 40 
signals B23 and B26 of the upper limit detection circuit 
75 and the maximum value detection circuit 80, and 
detects and selects one signal from among them which 
has the smaller value (the minimum value). The smaller- 
value signal B27 selected by the minimum value detec- 45 
tion circuit 81 is applied to the apparatus output terminal 
82. The smaller- value signal B27 represents a wave- 
form from which overshoot portions are removed. The 
smaller-value signal B27 is fed via the apparatus output 
terminal 82 to an external device (not shown) as a cor- so 
red ion -resultant video signal. 

[0104] The maximum value detection circuit 80 and 
the minimum value detection circuit 81 serve as a 
device for limiting the value of the signal B25 to within 
the range between the maximum value (the upper limit ss 
value) and the minimum value (the lower limit value). 
The contour correction apparatus of Fig. 6 sharpens 
every contour in a picture represented by the input dig- 



ital video signal to a degree depending on the gain coef- 
ficient given by the control signal fed to the multiplier 78. 
The degree of the sharpening can be adjusted by 
changing the gain coefficient. The contour correction 
apparatus of Fig. 6 can remove noise components from 
the input digital video signal. 

[01 05] It should be noted that the upper limit detection 
circuit 75 and the lower limit detection circuit 76 may be 
modified to operate on 5 by 3 neighboring pixels (5 suc- 
cessive pixels in the horizontal direction by 3 neighbor- 
ing pixels in the vertical direction). 
[0106] The upper limit detection circuit 75 and the 
lower limit detection circuit 76 may be replaced by a 
maximum value detection circuit and a minimum value 
detection circuit respectively. 

[0107] The upper limit detection circuit 75 and the 
lower limit detection circuit 76 may be modified to oper- 
ate on only at least five neighboring pixels in the vertical 
direction or the horizontal direction whose center is the 
pixel of interest. 

Fourth Embodiment 

[0108] Rg. 7 shows a contour correction apparatus 
according to a fourth embodiment of this invention. The 
contour correction apparatus of Fig. 7 is similar to the 
contour correction apparatus of Rg. 6 except for an 
additional design explained below. 
[0109] The contour correction apparatus of Rg. 7 
includes a two-dimensional high pass filter 1 01 , a multi- 
plier 102, an adder 103, and an apparatus output termi- 
nal 104. 

[0110] The two-dimensional high pass filter 101 is 
connected to the apparatus input terminal 50. The two- 
dimensional high pass filter 1 01 is also connected to the 
output terminals of the delay elements 51-54 and the D 
flip-flops 55-74. Furthermore, the two-dimensional high 
pass filter 101 is connected to a first input terminal of 
the multiplier 102. A second input terminal of the multi- 
plier 102 is subjected to a control signal representing a 
variable gain coefficient. 

[01 1 1 ] The output terminal of the multiplier 1 02 is con- 
nected to a first input terminal of the adder 103. A sec- 
ond input terminal of the adder 103 is connected to the 
output terminal of the minimum value detection circuit 
81 . The output terminal of the adder 103 is connected to 
the apparatus output terminal 104. 
[0112] The two-dimensional high pass filter 101 
receives the input digital video signal and also the out- 
put signals of the delay elements 51-54 and the D flip- 
flops 55-74 (the twenty-five signals). The two-dimen- 
sional high pass filter 101 processes the twenty-five sig- 
nals into a signal corresponding to high-frequency 
components of the output signal B21 of the D flip-flop 
64. For example, the two-dimensional high pass filter 
101 includes a 25-tap filter having tap gains chosen 
according to the spatial high-frequency response char- 
acteristics of a display. The tap gains are assigned to 
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the twenty-five signals respectively. The two-dimen- 
sional high pass filter 101 outputs the high-frequency- 
corresponding signal to the multiplier 102. 
[01 1 3] The device 1 02 multiplies the value of the out- 
put signal of the two-dimensional high pass filter 1 01 by 
the gain coefficient represented by the control signal. 
Thus, the multiplier 1 02 converts the output signal of the 
two-dimensional high pass filter 101 into a multiplica- 
tion-resultant signal B28. The multiplier 102 outputs the 
multiplication-resultant signal B28 to the adder 103. The 
adder 103 receives the output signal B27 of the mini- 
mum value detection circuit 81. The adder 103 com- 
bines the output signal B27 of the minimum value 
detection circuit 81 and the output signal B28 of the mul- 
tiplier 102 into an addition-resultant signal B29. The 
operation of the adder 103 agrees with a process of 
adding the high-frequency components, that is, the 
shoot components, to the output signal B27 of the mini- 
mum value detection circuit 81 to further sharpen con- 
tours or edges in a picture represented by the input 
digital video signal. The addition-resultant signal B29 is 
applied from the adder 103 to the apparatus output ter- 
minal 104. The addition-resultant signal B29 is fed via 
the apparatus output terminal 1 04 to an external device 
(not shown) as a correction-resultant video signal. 
[0114] The contour correction apparatus of Fig. 7 is 
suited for use with a projection display which tends to 
indicate spatial high-frequency components of a picture 
at a reduced level. 

[01 1 5] Variations in the values represented by the sig- 
nals B27, B28, and B29 will be explained with reference 
to Fig. 8. It is assumed that the value represented by a 
sample of the output signal B27 of the minimum value 
detection circuit 81 increases at a constant rate during a 
3-sample time interval as shown in Fig. 8. The increase 
in the value of the signal B27 corresponds to a contour 
or an edge in a picture. The value represented by the 
output signal B28 of the multiplier 102 varies along a 
time-domain form corresponding to a differential of the 
time-domain form of the value represented by the signal 
B21. The time-domain form of the value of the signal 
B28 is substantially equivalent to a differential of the 
time-domain form of the value of the signal B27 as 
shown in Fig. 8. 

[01 1 6] The value represented by the output signal B29 
of the adder 1 03 varies along a time-domain form corre- 
sponding to the combination of the time-domain form of 
the value represented by the signal B27 and the time- 
domain form of the value represented by the signal B28. 
The time-domain form of the value of the signal B29 has 
a small undershoot portion and a small overshoot por- 
tion immediately preceding and following an increasing 
portion respectively. The value of the signal B29 
increases at a rate higher than the rate of the increase 
in the value of the signal B27. The higher increasing 
rate means further sharpening the contour or the edge 
in the picture. The rate of the increase in the value of the 
signal B29 depends on the gain coefficient represented 



by the control signal fed to the multiplier 102. Specifi- 
cally, the rate of the increase in the value of the signal 
B29 rises as the gain coefficient increases. 



[0117] Fig. 9 shows a contour correction apparatus 
according to a fifth embodiment of this invention. The 
contour correction apparatus of Fig. 9 is similar to the 

10 contour correction apparatus of Fig. 7 except for a 
design change explained below. 
[0118] The contour correction apparatus of Fig. 9 
includes a multiplier 102, an adder 103, and an appara- 
tus output terminal 1 04. A first input terminal of the mul- 

15 tiplier 102 is connected to the two-dimensional high 
pass filter 77. A second input terminal of the multiplier 
102 is subjected to a control signed representing a vari- 
able gain coefficient. 

[01 1 9] The output terminal of the multiplier 1 02 is con- 
20 nected to a first input terminal of the adder 103. A sec- 
ond input terminal of the adder 103 is connected to the 
output terminal of the minimum value detection circuit 
81 . The output terminal of the adder 1 03 is connected to 
the apparatus output terminal 104. 
25 [01 20] The device 1 02 multiplies the value of the out- 
put signal of the two-dimensional high pass filter 77 by 
the gain coefficient represented by the control signal. 
Thus, the multiplier 1 02 converts the output signal of the 
two<limensional high pass filter 101 into a multiplica- 
30 tion-resultant signal B28a. The multiplier 102 outputs 
the multiplication-resultant signal B28a to the adder 
103. The adder 103 receives the output signal B27 of 
the minimum value detection circuit 81. The adder 103 
combines the output signal B27 of the minimum value 
35 detection circuit 81 and the output signal B28a of the 
multiplier 102 into an addition-resultant signal B29a. 
The operation of the adder 1 03 agrees with a process of 
adding the high-frequency components, that is, the 
shoot components, to the output signal B27 of the mini- 
40 mum value detection circuit 81 to further sharpen con- 
tours or edges in a picture represented by the input 
digital video signal. The addition-resultant signal B29a 
is applied from the adder 103 to the apparatus output 
terminal 104. The addition-resultant signal B29a is fed 
45 via the apparatus output terminal 104 to an external 
device (not shown) as a correction-resultant video sig- 
nal. 

Sixth Embodiment 

[0121] Fig. 10 shows a contour correction apparatus 
according to a sixth embodiment of this invention. The 
contour correction apparatus of Fig. 10 is similar to the 
contour correction apparatus of Fig. 9 except for a 
design change explained below. 
[0122] The contour correction apparatus of Fig. 10 
includes a subtracter 110, a multiplier 111, an adder 
1 1 2, a subtracter 1 1 3, and an apparatus output terminal 
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82. A first input terminal of the subtracter 110 is con- 
nected to the upper limit detection circuit 75. A second 
input terminal of the subtracter 1 10 is connected to the 
lower limit detection circuit 76. The output terminal of 
the subtracter 110 is connected to a first input terminal 
of the multiplier 1 1 1 . A second input terminal of the mul- 
tiplier ill is subjected to a control signal representing a 
variable gain coefficient 

[0123] A first input terminal of the adder 1 12 is con- 
nected to the output terminal of the multiplier 1 1 1 . A 
second input terminal of the adder 1 12 is connected to 
the upper limit detection circuit 75. The output terminal 
of the adder 1 1 2 is connected to the minimum value 
detection circuit 81. A first input terminal of the sub- 
tracter 1 13 is connected to the lower limit detection cir- 
cuit 76. A second input terminal of the subtracter 1 13 is 
connected to the output signal of the multiplier 111. The 
output terminal of the subtracter 1 1 3 is connected to the 
maximum value detection circuit 80. The minimum 
value detection circuit 81 is connected to the apparatus 
output terminal 82. 

[0124] The subtracter 1 10 receives the output signals 
B23 and B24 of the upper limit detection circuit 75 and 
the lower limit detection circuit 76. The device 110 sub- 
tracts the signal B24 from the signal B23. The sub- 
tracter 110 outputs the subtraction -resultant signal B30 
to the multiplier 111. 

[0125] The device 1 1 1 multiplies the value of the out- 
put signal B30 of the subtracter 1 1 0 by the gain coeffi- 
cient presented by the control signal. Thus, the 
multiplier 1 1 1 converts the output signal B30 of the sub- 
tracter 110 into a multiplication-resultant signal B31. 
The multiplier 111 outputs the multiplication-resultant 
signal B31 to the adder 112 and the subtracter 113. The 
adder 112 receives the output signal B23 of the upper 
limit detection circuit 75. The adder 1 12 combines the 
output signal B23 of the lower limit detection circuit 75 
and the output signal B31 of the multiplier 111 into an 
addition-resultant signal B32. The operation of the 
adder 1 1 2 agrees with a process of increasing an over- 
shoot clip level above the upper limit value. The adder 

1 1 2 outputs the addition-resultant signal B32 to the min- 
imum value detection circuit 81 . 

[0126] The subtracter 1 13 receives the output signals 
B24 and B31 of the lower limit detection circuit 76 and 
the multiplier 111. The device 1 13 subtracts the signal 
B31 from the signal B24. The operation of the subtracter 

1 1 3 agrees with a process of decreasing an undershoot 
clip level below the lower limit value. The subtracter 113 
outputs the subtraction-resultant signal B33 to the max- 
imum value detection circuit 80. 

[0127] The maximum value detection circuit 80 com- 
pares the values (the levels) represented by the output 
signals B25 and B33 of the adder 79 and the subtracter 
113, and detects and selects one signal from among 
them which has the greater value (the maximum value). 
The greater-value signal B36 selected by the maximum 
value detection circuit 80 is fed to the minimum value 



detection circuit 81 . The greater-value signal B36 repre- 
sents a waveform to which small undershoot portions 
are added. 

[0128] The minimum value detection circuit 81 com- 

5 pares the values (the levels) represented by the output 
signals B32 and B36 of the adder 1 1 2 and the maximum 
value detection circuit 80, and detects and selects one 
signal from among them which has the smaller value 
(the minimum value). The smaller-value signal B37 

10 selected by the minimum value detection circuit 81 is 
applied to the apparatus output terminal 82. The 
smaller-value signal B37 represents a waveform to 
which small overshoot portions and small undershoot 
portions are added. The added undershoot and over- 

15 shoot portions further sharpen contours or edges in a 
picture. The magnitudes of the added undershoot and 
overshoot portions depend on the gain coefficient repre- 
sented by the control signal fed to the multiplier 111. 
The smaller-value signal B37 is fed via the apparatus 

20 output terminal 82 to an external device (not shown) as 
a correction-resultant video signal. 

Seventh Embodiment 

25 [0129] Fig. 1 1 shows a contour correction apparatus 
according to a seventh embodiment of this invention. 
The contour correction apparatus of Fig. 1 1 is similar to 
the contour correction apparatus of Fig. 10 except for an 
additional design explained below. 

30 [0130] The contour correction apparatus of Fig. 11 
includes a multiplier 115. A first input terminal of the 
multiplier 1 15 is connected to the output terminal of the 
subtracter 1 1 0. A second input terminal of the multiplier 
1 15 is subjected to a control signal representing a vari- 
es able gain coefficient. The output terminal of the multi- 
plier 115 is connected to a first input terminal of the 
adder 1 12. A second input terminal of the adder 1 12 is 
connected to the upper limit detection circuit 75. 
[0131] The multiplier 115 receives the output signal 

40 B30 of the subtracter 1 1 0. Trie device 1 1 5 multiplies the 
value of the signal B30 by the gain coefficient repre- 
sented by the control signal fed thereto. TTius, the multi- 
plier 115 converts the output signal B30 of the 
subtracter 1 10 into a multiplication-resultant signal B34. 

45 The multiplier 115 outputs the multiplication-resultant 
signal B34 to the adder 1 12. The adder 112 receives the 
output signal B23 of the upper limit detection circuit 75. 
The adder 112 combines the output signal B23 of the 
lower limit detection circuit 75 and the output signal B34 

so of the multiplier 115 into an addition- resultant signal 
B32a. The adder 1 12 outputs the addition-resultant sig- 
nal B32a to the minimum value detection circuit 81 . 
[0132] The minimum value detection circuit 81 com- 
pares the values (the levels) represented by the output 

55 signals B32a and B36 of the adder 112 and the maxi- 
mum value detection circuit 80, and detects and selects 
one signal from among them which has the smaller 
value (the minimum value). The smaller-value signal 
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B37a selected by the minimum value detection circuit 
81 is applied to the apparatus output terminal 82. The 
smaller-value signal B37a represents a waveform to 
which small overshoot portions and small undershoot 
portions are added. The added undershoot and over- 5 
shoot portions further sharpen contours or edges in a 
picture. The magnitudes of the added overshoot por- 
tions depend on the gain coefficient represented by the 
control signal fed to the multiplier 1 15. The magnitudes 
of the added undershoot portions depend on the gain 10 
coefficient represented by the control signal fed to the 
multiplier 111. The smaller-value signal B37a is fed via 
the apparatus output terminal 82 to an external device 
(not shown) as a correction-resultant video signal. 
[0133] Preferably, the gain coefficient represented by is 
the control signal fed to the multiplier 1 1 1 is different 
from the gain coefficient represented by the control sig- 
nal fed to the multiplier 115. For example, the gain coef- 
ficient represented by the control signal fed to the 
multiplier 1 1 1 is greater than the gain coefficient repre- so 
sented by the control signal fed to the multiplier 1 15. In 
this case, an undershoot portion and an overshoot por- 
tion of the output signal B37a of the minimum value 
detection circuit 81 are asymmetrical with each other. 
Preferably, this asymmetry is designed according to the 25 
gamma characteristics or the input-output nonlinear 
characteristics of a display. 

Eighth Embodiment 

30 

[0134] An eighth embodiment of this invention is sim- 
ilar to the embodiment of Fig. 7 except for the following 
design change. The eighth embodiment of this invention 
includes a polarity detector for sensing the polarity of 
the output signal of the two-dimensional high pass filter 35 
101 (see Fig. 7). Also, the eighth embodiment of this 
invention includes a switch for changing the gain coeffi- 
cient, which is represented by the control signal fed to 
the multiplier 102 (see Fig. 7), in response to the polarity 
sensed by the polarity detector. Thus, the gain coeffi- 40 
cient used for a positive-polarity signal portion is differ- 
ent from the gain coefficient used for a negative-polarity 
signal portion. Accordingly, the magnitude of a positive- 
polarity shoot portion and the magnitude of a negative- 
polarity shoot portion are different from each other. 45 
Preferably, this difference is designed according to the 
gamma characteristics or the input-output nonlinear 
characteristics of a display. 

[01 35] Variations in the values represented by the sig- 
nals B27, B28, and B29 will be explained with reference so 
to Fig. 1 2. It is assumed that the value represented by a 
sample of the output signal B27 of the minimum value 
detection circuit 81 (see Fig. 7) increases at a constant 
rate during a 3-sample time interval as shown in Fig. 1 2. 
The increase in the value of the signal B27 corresponds ss 
to a contour or an edge in a picture. The value repre- 
sented by the output signal B28 of the multiplier 102 
(see Fig. 7) varies along a time-domain form having an 



undershoot-corresponding portion and an overshoot- 
corresponding portion which are asymmetrical with 
each other as shown in Fig. 12. 
[01 36] The value represented by the output signal B29 
of the adder 103 (see Fig. 12) varies along a time- 
domain form corresponding to the combination of the 
time-domain form of the value represented by the signal 
B27 and the time-domain form of the value represented 
by the signal B28. The time-domain form of the value of 
the signal B29 has a small undershoot portion and a 
small overshoot portion which are asymmetrical with 
each other. 

Ninth Em bodiment 

[0137] A ninth embodiment of this invention is similar 
to the embodiment of Fig. 7 except for the following 
design change. The ninth embodiment of this invention 
includes a nonlinear processing circuit provided 
between the multiplier 102 and the adder 103. The non- 
linear processing circuit provides the output signal of 
the multiplier 102 with a nonlinearity which enables the 
magnitude of a positive-polarity shoot portion and the 
magnitude of a negative-polarity shoot portion to be dif- 
ferent from each other. Preferably, this difference is 
designed according to the gamma characteristics or the 
input-output nonlinear characteristics of a display. 

Claims 

1 . A contour correction apparatus comprising: 

first means for selecting a first sample from 
among at least five plural samples of an input 
digital video signal as an indication of an upper 
limit value, the plural samples corresponding to 
neighboring pixels respectively, the first sample 
having a value greater than a center value 
among values of the plural samples; 
second means for selecting a second sample 
from among at least the five plural samples as 
an indication of a lower limit value, the second 
sample having a value smaller than the center 
value among the values of the plural samples; 
third means for generating high-frequency sig- 
nal components with respect to a center sam- 
ple among the plural samples; 
fourth means for adding the high-frequency 
signal components generated by the third 
means to the center sample among the plural 
samples to generate an addition-resultant sig- 
nal; and 

fifth means for limiting a value of the addition- 
resultant signal generated by the fourth means 
to within a range between the upper limit value 
and the lower limit value provided by the first 
and second means. 
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2. A contour correction apparatus as recited in claim 
1 , wherein the value of the first sample is equal to a 
greatest value among the values of the plural sam- 
ples, and the value of the second sample is equal to 

a smallest value among the values of the plural 5 
samples. 

3. A contour correction apparatus as recited in claim 
1. wherein the value of the first sample is different 
from a greatest value among the values of the plural 10 
samples, and the value of the second sample is dif- 
ferent from a smallest value among the values of 
the plural samples. 



value smaller than the center value among the 
values of the plural samples; 
generating high-frequency signal components 
with respect to a center sample among the plu- 
ral samples; 

adding the high-frequency signal components 
to the center sample among the plural samples 
to generate an addition -resultant signal; and 
limiting a value of the addition-resultant signal 
to within a range between the upper limit value 
and the lower limit value. 



4. A contour co> section apparatus as recited in claim is 
1. hjs con vising sixth means for adding nigh- 
ts eQL*nc„ hsQna- components to an output signal of 
t*>e f rtm m«ftni to additionally generate undershoot- 
corie^ont^ng signal components and overs hoot- 
coric^pondmg t,gnal components in the output sig- 20 
nal a* 'ifth means. 



5. A contour correction apparatus as recited in claim 
1. further comprising sixth means for increasing the 
upper bmrt value above its normal level and 25 
dea easing the lower limit value below its normal 
level to adortionally generate undershoot-corre- 
spondtng s<gnal components and overshoot-corre- 
sponding &gnal components in an output signal of 
the f rfth means. 30 



6. A contour correction apparatus as recited in claim 
4, further comprising seventh means for making the 
undershoot-corresponding signal components and 
the overshoot-corresponding signal components 35 
asymmetrical with each other in time-domain ampli- 
tude form. 



7. A contour correction apparatus as recited in claim 

5, further comprising seventh means for making the 40 
undershoot-corresponding signal components and 
the overshoot-corresponding signal components 
asymmetrical with each other in time-domain ampli- 
tude form. 

45 

8. A method of contour correction, comprising the 
steps of: 



selecting a first sample from among at least 
five plural samples of an input digital video sig-^ 50 
nal as an indication of an upper limit value, the 
plural samples corresponding to neighboring 
pixels respectively, the first sample having a 
value greater than a center value among val- 
ues of the plural samples; 55 
selecting a second sample from among at least 
the five plural samples as an indication of a 
lower limit value, the second sample having a 
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(54) Contour correction apparatus and method 

(57) In a contour correction apparatus, a first sam- 
ple is selected from among at least five plural samples 
of an input digital video signal as an indication of an 
upper limit value. The plural samples correspond to 
neighboring pixels respectively. The first sample has a 
value greater than a center value among values of the 
plural samples. A second sample is selected from 
among at least the five plural samples as an indication 
of a lower limit value. The second sample has a value 
smaller than the center value among the values of the 
plural samples. High-frequency signal components are 
generated with respect to a center sample among the 
plural samples. The high-frequency signal components 
are added to the center sample among the plural sam- 
ples to generate an addition-resultant signal. A value of 
the addition-resultant signal is limited to within a range 
between the upper limit value and the lower limit value. 
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